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I. INTRODUCTION AND BACKGROUND 


Zoe ocMeDOumdary CUbPeNts are the subject of scientific 
ive stigation for a variety Ce Meds ons. NactclLcularly tne 
Mmomercet of these currents on the Fishing industry. Ryther 
Mme o), concluded certain fishing grounds such as those off 
Peru. Galilfornia, northwest and southwest Africa, Somalia, 
meteie Arabian coOast are so fertile, that they supply over 
emer of the worlds Fish nNarvest, yet constitute less than 
one percent of the oceans. These fishing grounds are 
Mmeeartably located close to shore, and their great 
Fertility is due to frequent replenishment of near-Surface 
mMutrients from a few hundred meters deep in the open ocean 
Meeenore. lhe primary process for this is coastal 
[ome liing, which in Ehe Western Hemisphere is associated 
Meee markedly with the eastern boundary currents off North 
and South America. The economic need to understand these 
Semerents 1s made evident by the devastation of the coastal 
Mmeemets Of Becuador and Peru in 1932-1983 by the sudden 
[eax Of warm water termed £1 Nino. The socioeconomic 
Mmm~eeets included; flooding, landslides, destruction of 
MmemepObLatllon Facilities, huge agricultural losses, 
feeeurhance Of cOdstal Fisheries, and loss of life (Halpern 


cere, 1965). This warm water influx takes place from 


time-to-time, and recovery Erom a@ S€vVere GeCurreneoena. 
take several years USmaeieloos. 

Off the North American west coast, the eastern boundary 
flow regime is known as the California Cigr ents ene A 
comprehensive summary of the present knowledge of this 
system is given by Hickey (1978). 9 the Calkito cima curree 
System ine ludecwene southward flowing California Curregae 
and a number Of Manlfiestations §6) Jaecouneer see 7 the 
California Undercurrent, tne Davidsom Current anon 
Southern California Countercurrent. This system 1s pari 
the general circulation of the North Pacific Ocean. white 
is dominiated by an oceanwide, clockwise circulation known 
as the North Pacific Gyre. The eastern limb Gi tne gyieeeee 
the California Current System, which extends along the 
North American continent [from southern Canada ta Nextece 
The system includes ore poleward and equatorward flows 
which vary on many time-scales. There are, £or examples 
inter-annual ee tone such Gas EF Paice eect 
variations, and large Variations with periods associated 
with weather systems. The California Current is a slow and 
broad equatorward surface silow, Bbrancoing strom thehomen 
Pacific Current, and marked by cold Sitbarectre ator py pee 
The waters of the various countercurrents may be 
characterized by their adm1lxta@re witn waberor sequace: aa 
origin which has telative lt Views hele sealant Be sce eee 


salinity and phosphate, and relativel Slow wd tocele. 
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Saye evee  buUrInyg the winter months a surface current with 
poleward flow occurs in nearshore regions off the west 
moot Of the United States. PitLswemrrent. weiore of the 
meeerornia Current, is known as the Davidson Current and is 
Peel narlhly found north of Point Conception. The Davidson 
Mierent May bewa surface manlifestatiommof the California 
Mgmemecurrent. The Southern California Countercurrent is 
mae name applied to the pme@abeward flow from San Diego to 
Memes CONGCeptloOn; during winter months, this nearshore flow 
memesome times continuous with the Davidson Current. 

iite Study or eastern boundary currents is of both 
mmeeoretical and practical interest. Dynamical models with 
features of observed eastern boundary currents have been 
developed since the turn of the century. Ekman (1905) 
Meepecibed the effects of a steady wind blowing on an ocean, 
and stated the SPOnMcecpismmownmnOwn as @tne Ekman spiral. and 
Mmeeekman tCransport™™ Sverdrup, Johnson, atid Fleming ©1941) 
provided some understanding of the dynamics of the 
fMereelling process Munk (@b950) computed the mass 
Mees ports in a wind-driven ocean from the curl of the 
estimated wind stress. 

Proce hmlO Geense imelmde the two-dimensional and three- 
dimensional upwelling models, and sea breeze produced 
upwelling models reviewed by O'Brien (1977). These models 
memoraered the influences of horizontal boundaries, bottom 


meporptaphy, and the variability of wind stress on the 
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ocean. The first numerical model of coastal upwelling was 
constructed by O'Brien and Hurlburt (19/72), 0 tnte twos ee 
model successfully predicted the observed equatorward jet 
but failed to produce a poleward undercurrent. Suginolams 
(1974) used a mod@@ with a Strameh © Goatees anc meena 
topography which did not vary im a COaSttwiscematrveoct oa 

His model succeeded in developing a poleward flow in the 
lower layer. A later review of models is given by Allen 
(1980). These models peminite inftere nee stic ime eee 
effects of shelf width and coastal winds, to be made about 
shelf-flow motions which have time scales like those of the 
atmospheric weather systems which drive them. [rregius 
larities of the coastline and bottom topography force 
three-dimensional motions. However, there has been little 
theoretical work in this area until recently. An impontanme 
conclusion from the models 1S Chat the ureents =er ioe 
and are maintained by both local and remote atmospheric 
POmeiune s Significantly improved@medemis ofmeoasta 
upwelling include more realistic wind stress and finer 
resolution of bottom topography, especially the she Limite 
and steep bottom slopes. 

Complementing models are field experiments which 
provide the basis for tCneir Motivate Pome a mde eee eee 
Two recent comparisons of models to field observations are 
Hickey (1980) and Janowitz (980). (iageke Suscd@ene save. 


dimensional, baroclinic, time-deme mae eno aoa 


|S 


Pek nomweel eyo) and found tt to be effective for tine 
Pewemods as long as firtteen days in predicting the 
mmeplacement of isopyenals off the Oregon coast. 
iow tz'°s comparison of Ma model of time-dependent quasi- 
geostrophic upwelling to moored meter data concluded 
tentatively that the ous may have some validity, but 
Further SCOUpawicgomemand Veriereeat ion Showkay be undertaken. 
Zier wOouservartronal Studies Of the California Current 
System emphasized relatively large-scale motions. Sverdrup 
meebeming (C194!) utilized T-S relationships to define the 
origins of water of two sorts (in northern hemispheric 
Meee boundary ctlhows):  uorthetn water with increasing 
Salinity as temperature decreases with depth and southern 
meee r with relatively constant salinity as temperature 
decreases. iimttenenwWwar Mere Water was a morthward-f lowing 
@mrrent was also demonstrated by Sverdrup and Fleming 
Mere) utilizing geostrophy; later, Reid, et al. (1958) 
Showed that geo-strophic shear of the flow at the 200-dbar 
Semmrace with respect to the 500 and the !000-dbar surfaces 
Mmmomecates a northward flowing undercurrent. Die dem ot tine 
fifties and early sixties most Lagrangian current 
measurements were limited to drift bottle estimates of 
fmmerace currents. CmemrnipoGeamenexcepEion was tne tracking 
Meera few days) of deep drogues by Reid (1962), which also 
moeaLcated a aa. eee te ViGememme remit orf “Ene central 


Merl ifornmia coast. Ree cmidMinrcoleeast decade that moored 
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current meters have provided a means to examine details of 
the flow over long time-~periods. Moored current meters 
be positioned to givem@irect measurements of Vene Curren. 
over extended periods (approximate yet wo tome cee or ie 
Aanderaa meter, if a ten-minute sampling interval is 

used). Moored meters provide an excellent means for 
detailed local studies to elucidate better the properties, 
relationships, and interactions of the several portiomsees 
the California Current System. “Studies of the Cali@iormeee 
Current System during the 1960's using moored meters were 
primarilys@Gethe coastal waters Of fm ezon aud 

Washington. While few current measurements have been made 
in the California Curremt and erediabple yi ids baie 
Sparse, continuing studies off Washington and Oregon Dy 
Hickey 41979, 1980) and HuyerWeb ieee Opes ee 
significant relationship between toeal windeiorcine a, 
currents. Hickey stated that the seasonal variation of ame 
nearshore region of strong Flow a@ppedrs to pe related ta 
the seasonal variation of the alongshore component GE (yagee 
stress at the coast. Huyer et al. Show that the trainsageeen 
from the predominantly northwatd surtaece Ci Erentsc so =e 
winter oceanographic regime to the predominantly Sout hwame 
Surface currents of the Sprin® OGeanocEr apie mee me mergers 
the Oregon continental snedtewoeeurs ase 1 eeoersoceee © 

Se ee eer during a strong southward wind event. Recent 


work for wwaters off the Cemt fr aiieo tomo (tome a eerie 


hee 


Poreeinclmd@es deseriptive studies by Wickham (1975), 
meiddimneton (1979) and Dreves (1980). Wickham (1975) made 
Peeinity-temperature-depth (STD) sections, and parachute 
drogue observations off Monterey Bay. Wickham found the 
MeO@MerOriia CGCotlintercurrent to be present 15 km’off the coast 
mmeermeast 1972 and in August 1973. Coddington (1979) 
Sompared direct current measurements from an array moored 
Memeo ape san Martin to indirect measurements from 
Meese rophy. Coddington found the California Countercurrent 
memebe present during the study period from November 1978 co 
memmmuary 19/9. Dreves (1980) studied the relationship 
between local on level sonadi ent and alongshore flow for 
mmemesame study period as Coddington. Dreves found that 
Mere mlt atid sea level gradient energy distributions were in 
close agreement, showing high energy concentration at the 
Memeecrrequency end of the spectrum. 

Meee Ome OF —tme central California coast off Cape Saa 
Semeein (Figure 1) was chosen for study for several 
measons: Btememromrelatively little ship traffic or 
Mmmememe and, consequently, less risk of current meter 
Gamage or loss; the bottom topography is relatively devoid 
Mmemeomplications, consisting of an extremely narrow shelf, 
femme p Shelf hreak, and dépth contours approximately 
eee lel Co the coast; additionally, the close proximity of, 
mime study area to Monterey was a logistical convenience. 


The current meter data used by Coddington and Dreves, 
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some six sets of current meter observations spamning six 
months from 25 July 1978 until 22 Qanvanry 197 7 ita eae 
augmented as part of the continuous monitoring of the 
countercurrent ©£050Cape San fae An observational daima 
base of direct current measurements Of more Enan one wWeeeeee 
duration now exists. 

The objective of this Study is to provide a pre liam 


analysis ofmcurrent meter data for the period January eee 


ome ore teh ele lO 


Is. 


ieee Dire be CURRENT POBSERVATIONS 


Pee DATA COLLECTION 

ive mwadtasstou this study were collected using Aanderaa 
Pete ROM—-4 recording current meters, which are self- 
Peeording and intended to be anchored in the ocean below 
Mme wind wave zone; they record current speed and direction 
and water temperature. 

[few @eteusewerte deployed off Cape San Martin, Califor- 
Weert oom August 1978 until July 1980 (see Figure 2). The 
mmemeron locations are shown in Figure 3. The present study 
meeers the period from January 1979 to May 1980. 
meeerneton (1979) and Dreves (1980) have discussed data 
memmeacted during the period from April 1978 to January 
1979. Deployment of the arrays was accomplished with the 
Naval Postgraduate School's research vessel ACANIA. Each 
mooring of several meters was launched by being strung out 
Mmemend Che ship, the uppermost meter and flotation devices 
First and the anchor last. The array's descent was slowed 
Peeeae small drogue about two meters in diameter attached to 
Mimermanchor. An array of three meters was used at Station 2 
Memeo eee N, 121 .)33./6'W) and four meters at Station 7 
Poe ele) 8 ooe54 Ws They were arranged approx- 


Memeely as depicted in Figure 4. The anchor consisted of 
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one or two railroad wheels attached €0 an 43%r-5e4 rin 10cm 
242 acoustic release.) “Bemtnos V4 vine oe ee ee 
plastic hard hats (55 pounds net buoyancy Gach) were vec 
to provide wite tension, with two spneres direc), soe 
each current meter and six above the release. The entire 
array was moored below the region GE Stone Suriaccm a 2 
action and was recovered by acoustically activating Che 
release. Upon recovery the meters were returned to the 
Laboratory fOr Maintenance prior to sibsecqu a: 
redeploy men 
B. DATA PROCES so DNG 

The data were recorded on three-inch reels of 274 een 
audio tape (Scotch Brand number 295) at ten-minute Samp sama 
intervals. Conversion of the data from the tapes recorded 
by the RCM-4 meters into a coOmputer-acceptahble format 
accomplished with a Hewlett-Packard 7645 "eompubev. 2tdeear 
Aanderaa tape translator. The 1/4—tmen wegen woo oiea 
back on a Wollensach audio deck and an OSe@UElhos coopera. 
used to give a viSual confirmation t{iaeeaaran er >in @ See 
and» Of appropriate samp) Liseuac The data were then 
translated from Long and short to high and Low voltage 
pulses and recorded on ILBMN—compatible)3-trac nea veo 
Kennedy 9-track tape recorder. The Hewlett =7 4c @arde7 
computer was also used Eo pDiG@t and )pr On Gee Gee ore 


Gea tan. 


a) 


Five different programs were used with the Naval 
mores radiabe cchool'’s IBM 3600 computer in processing the 
Pweae ee tiey are listed in Appendix D. The initial program 
meee at the raw data Erom the 9Y-track magnetic tape, 
Mmm@fews an tnict-ital Look at the data if desired, and stores 
mmemdata in Masis storage for quicker, more efficient 
Meebization. The second program applies temperature, 
mmeed., and direction calibrations to the data for each 
euerent meter. Peewentrud  pEOtram reads in the calibrated 
Output from program two, identifies missing records, anil 
uses established cut-off parameters to suppress noise. 
Pieaarires @reater Ehan 12°C, and less than 5°C are 
discarded, along with current speeds in excess of 
L100 em-s!. Discarded and missing records are filled in by 
the following process: upon encountering a faulty value, 
meerching continues until a value is found that meets the 
memee ptCance criterta. Linear interpolation 1s used to 
fomertn fLili-in values. PMele wales oorsS. ate Ene data revealed 
only minimal gaps in the records. Peo tG@ame rn ree., by means 
Mempre binomial, converts tne data record from ten-minute 
memes CO hourly values and then produces four plots. 
Mperents are presented in tne form of stickplots, and three 
M@mmer plots display U and V components of the current 
PPIrveoeaive ly eastward and northward for positive values), 
mim FCemMperature as functions of time. (tee woah Oe Gam 


Peedcmim tme OutLpuce Of program two, fills in missing and 


Eee 


Faulty records, and then performs a Specttum analysis oF 
thewidat as Its output consists Of two plots er re cauewe 
versus power density for onshore and alongshore components 
of current. The fifth program Wses tne woot ee con. 
produced in program three to construct progress ive (vecimam 
plots. Two of the current meters used in the study were 
very noisy and gave unrealistically high indications =otene 


speed. These noisy data are not shown here. 
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eke Siemon ClIiVES 


[ItemonTfeehive OF biltS "Study is to provide a preliminary 
Mmeysois Of the current meter data. Questions to be 
considered are: 

ies Dew tnomudtaemseveal Seasonal variations of the Elow? 
Pe. Homi nemGatarre veal difberences or similarities in the 
meow between Stations 2 and /? 
3. Are there indications of mesoscale events? 
4. Are such mesoscale events coherent with respect to 
feptn and/or position? 
Wms there a generalization about variation with depth 
that can be made? 
[ow ago tne currents appear to be related to Bakun's 


@Boastal upwelling index (Bakun, 1980)? 
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ee DESCRIPTION ANDMORGCANDZAT LONGO GA eae 


To highlight the salient features of the variations, 
and to examine them in the Eramework Ot Section .)1 lee 
data are presented in several ways. There are seven 
different graphical representations in Appendixes AY 3 eee 
Cw” Ihestemipieiesmmamwc. 

l. Time series of Bakun’'s cGoasta Wego vel new. 

(Ba kuin eleeee a 

pa Time Se@Etes--0f “CUrrenEasyoe@ems4 

3. Time series of eastward components GEeihe cur rem 
VECEous. 

4. Time series of northward components of Ehe cCurrene 
VEC UlOue. 

>. lime series of EGmperatuce. 

6. Spectrum analyses of alongshore flow and on/ofts momen 
PLow.. 

/. Progressive Vec hou ad miami. 

The plots are organized chronologically accowdmnewee 
deployment date of the meters, beginning 3 January 1297 Jae 
endane in Maree. 

In Appendix A there are sets of time series. Poe 
example, Figure 8 and those Ike (ie scone nee nome ed omens 


Bakun's coastal upwelling andex Qe de teeter eee eer 


25 


Povo. Im this case for the meters deploved on 
Ceimtary) 1079 at Station /, permitting visual comparison 
mmmome aspect of local forcing and the associated 

fotos.) Lie coastal upwelling indices are indicative of 
mplemiore-OFfsShore Ekman transport, as estimated From wind 
mmmeess at the position in the vicinity of Point Sur 
Mmapmmeated in Figure 1. The procedure for calculating 
Memerling indices is presented in detail by Bakun (1973). 
ietemestickplots are graphical depictions of current speed 
parce urrent direction. iiaie=sea les are Indicated along Ene 
meemand bottom of Figure 5, and the units of measurement 
Momeenme Ordinates are shown on the left side of the 
iMmmecire. ZGeiteme nti Osematilonm On the figures of this type 
ime Lude : station number, date of deployment, meter serial 
number, and depth of meter deployment. 

Another type is represented by Figures 6 and /. They 
meeeet U, V, and T for the two current meter records 
moeeeescented in Figure 8, where U (positive) is the eastward 
memponent of Ehe current vector, V (positive) is the 
[omeeiiward component of the current vector, and T is the 
wemoerature. Again, time scales and pertinent station 
information are given in the figure. The time series of 
Mmmeoe Variables are complementary to the progressive vector 
diagrams found in Appendix C since they accentuate higher 
Peeauency events such as inertial and tidal oscillations. 


Micwr Petre s lr Appendix B Contain spectrum analyses of 


ao 


alongshore flow and on/offishore flow ior eae nein ences 
meter. The abscissa (frequency) ange femord mneper or ee 
density function) are clearly labelled, and each fisure ae 
lists station number, meter serial number, meter deployment 
denth, and date of deployment. The spectrum analyses 
indicate regions Of high enere) sae ene Frequency domain and 
Sugfest £orces “at work. 

Appendix C contains the progressive vector diagrams 
(PVD). The vertical and horizontal sea Peceare sen 
(kilometers), and trie North 1s) tadmeaeed sem ocr aa 
positioned at 3-day intervals, and the letter F  imdijeae 
the final ported nos tumem. In addition to station tmumpieue 
meter number, meter depth, and period of computation, ities 
mean speed and mean direction for the entire period are 
indicated. The PVD’s depict well chem og wh peace ae. 
Variations, so-called events sue hese a eee 

Appendix D contains the listtinegs OPE nec Onpuec 


programs used to process and plot the current metemedatae 


Zi 


V. ANALYSTS 


peeeeeeRE LATION BETWEEN CURRENT AND LOCAL WIND FORCING 
itmerasta lL mommtains of California tend to deflect the 
low level winds so that they blow equatorward parallel to 
[re coast. Consequently, the average Ekman Cransport is 
mmescmore (Stewart 1967). In the simple Ekman model, the 
Meershore flow lies generally above the level at which our 
@merent meters are moored. Piemeciere are Strong vertical 
motions (up-and-downwelling) and other intense mesoscale 
exchange mechanisms in the area of study which negate the 
Peeper tcation of the simple Ekman model to observed cross- 
Slope flow and suggest the possibility of a deeper 
meee eval &§kKmanm layer extending well into the pycnocline. 
iieGlbes Section gualitative relations between current 
and local wind forcing are examined through use of the time 
Semetmes Of Stickplots and upwelling index and aiso by 
Meer ring to Figure 5. These relations will first be 
examined separately at each mooring station, and then for 
@@ewecime period July - August 1979, when current meters 
femeeomsdeployed at both Station 2 and Station /. Finally, 


seasonal and geographical variations will be considered. 


Us 


ls ~ Analysts ars Gein 


The corresponding UI and current ve loci ors ee eee 


2, the inshore station, ave shown GP io cee eee 


period from 23 April to mid-June. Sihere 94) 6c, -eo- 2 eee 
(ca. one week) changes in current direction and specqd same 
appear to be Colhepemewwitnderpen. The upwelling index is 
positive all during the months of May and June with nea 
periodic episodes of great intensity. Lt is reasonable 
that there be upwelling in this period of Strong pos tui 
upwelling index (Ui=+138). The mean cross slope flow (U') 
for this period (Table Lij@is small vamd¥pocuel yoo ee 
indicates that the meters are below the Ekman layer. The 
poleward alongshore flow shown by the stickplots indicames 
the presence of a countercurrent at 169 and 241 Mm. “Stereum 
equatorward winds (positive UI) seem to correlate well with 
strong poleward flow of the countercurrent during this tute 
period, especially at the level nearest the surface. Alsom 
very large drops in the index are associated with a slight- 
ly lagging decrease in the poleward current speed, and 
increased variablility in current direction during ante. 
vals centered on 21 May, I Jume, and@yoeiunee tonne 
Continuing at Station 2 in gene period ace ee 
i2 September 1979 (Figure 18)> thevresis a le pea aoe 
tendency for poleward ftlow asseetatedews © pe cuse me 
upwelling index especially at the level nearest the 


surface. The mean cross=slope (i fow (lab eu eno ees 


ye) 


Merlod Of strong upweiling index (Seiko) ea negative; if 
ame xtemded Ekman@laywer W#s postulated, s#his cross-slope 
flow can be interpreted as lying within a layer which 
mmerides both meters. The magnitude of UI declines during 
Gimer lbatbeer part Of this period. On a shorter time-scale 
Mysout 9 days) the rise and fall of the upwelling index i 
mecompahied throughout the record, beginning about 
Memeeeust, by poleward currents during periods of high 
Mmewellineg index, and equatorward or dimimished poleward 
Sweremts during periods of reduced upwelling index. Thus, 
decreases in the upwelling index clearly relate to 
decreases in, or disappearance of, the counter current on 
meteor time scales (ca. 9 dawis)m @specially at the greater 
Poe 23/ ms 

Ite the following period, 24 November 1979 through 
memeanuary 19380, as shown in Figure 24, the upwelling index 


meemmeoureher reduced (UI=-20), becoming dominantly negative 
after mid December. The meter at 194 m (Figure 24) is 
Peete ct dime to lack of direction changes. This could be 
meemeresult of a stuck vane, or a malfunction in the 
Semeor. the alongshore current at depth 266 m alternates 
betweeen poleward and equatorward flows with durations 
Peewectn timcewand ten days. There is a marked change in 
Currents after 23 December; they become weak and variable 


meepePOWing ea strong surge in the downwelling index at that 


Erme . 
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2. AmWaylsis at Siero 7 

First consider the winter period January - February 
1979, illustrated in Figure @2ihe mean c, sae een 
levels (152 m and 223 m) is predominance ly po Vewa a eee 
there are important event-scale variations. Ihe re "areas 
alternating periods of positive and negative upwelling 
index during this @period a iie sient ica meer eee 
variations and the upwelling index changes do not seem 
correlated. Box example, Gsrom eto 10 Jantian 7 2 ae 
currents at both depths were toward the southwest and 
during the next 15 to 1/7 days rotated clockwise. While the 
upwelling index varied erratically about zero, a similar 
rotation of the currents and unrelated vVanrianmon ote 
upwelling index continued until about mid-February = whem 
predominantly poleward flow again resumed, and the currents 
flowed in this direction for the rema@tnder ofthe seeomum 
approximately twelve days. A fair conclisi0nmmeror Elie 
period, when wind forcing is inconsistent and weak, tS ita 
there is no simple relation between the local wpweeme 
index and the observed behavior of the currents on time 
scales of tens of days, and that some other mechanism than 
local fioiec7 nieiets “Pn oeeved:. 

During July amd August91979 (Figure 14) ee mde 
positive and te flow at Station 7, Diese alcomeppeoaqominac: 
poleward at 150 $9231 > andmeoo i See eaueiee tm salve Wants 


events involving reversals in the currents can be seen on 


about 7 August and 24 August at all tnree observed 

imervebc.s. [nese events appear tom™occur at all depths almost 
Pree aneOUGcly, webeh Suggests that they are not directly 
mermated Lo the local wind. 

Devine wee obemmandmNovempoer 1979 (Figure 21) there is 
mein a petiod of “generally weak upwelling index when Chat 
mime xetas 10 ObViOUuS relation Eo Ene currents. These 
Berets were equatorward from 12 until to 30 October, 
Followed by a reversal to become poleward from | through 
21 November while the upwelling index again varied 
Sieeatically neawr zero. 

Deuce thegperiod 3 March through 12 April 1980 
mameoummo 27) poleward and equatorward flow alternate until 
about mid-March, while the upwelling index remains low. 
Mmommebowing a rise in the upwelling index at that time 
Mendetiarch) and its persistence at high levels for nearly 
three weeks, predominantly poleward flow begins and 
Memes ts ©£Or Ene remainder of the recorded period, some 
three weeks. 

eememetemeac 113 m (Figure 2/7) is suspect @due to lack 
feememerect ion changes and small magnitude, and its data will 
be ignored. 

Pee compamils lon Of obations 2 and 7 

Curtemieemeter arrays were deployed at both Stations 2 
ie Siento iememmod from 2Zbheiwhy to the end of August, 


fa a ine aneOppoOreunity GoOtecexamining horizontal 
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VaACLaAt louse As mentioned above, the curremts ab Statiomus 


(depicted in Figure 18) appear to respond with little ore 
lag to local forcing FOERMEnIlS ene treme wren. The response 
of the currents to local winds is not so Clear@at Stac mone 
(Figure 14). The currents at Station / may respond 
differently to lo@eéal winds than Cum@entsceate eee 
because of the ainereased distamee frome teense eo ean. 
boundary (coast). It is also possible that the responses 
the currents at Station / to local forcing may be masigoaquian 
other influences. Certainly, there is no longer a=neata 
in~phase response of the current (note, for example, “eile 
on 2/7 August flow at Station 2 is predomimantly poWeward 
while flow at Station 7 is predominantly eqwWat©rward) eee 
flow at Station / is being driven by = Vecaieew irda eee 
response must lag the wind. 

Seasonally, the countercurrent was strongest during the 
spring months of 1979 at Station 2 (Figure 11). Gec# rage 
ically; the major discemnable diffemenmce Waemtheaweloa as 
correlation between the current and the local foremnoass 
Station 2 Cinshotep@tehan at Staten ert nice e a 

In summary, there are four important cone lusions “Comme 
analysis of the currents and (their (ee Paeve net omen 
Wp we ene sean na: 

l. The entire record from Jantaryl 77 9 Sioa ce 
indicates currents are predominately DoOPewarde temp orn 
stations, especially while Bakun's coastal upwelling index 


is high and vositi1ve. 
oS 


ee 6 eOlrmeontItC Cie speriod, many events with time scales 
pemems Of days occur at all recorded depts. 

i Clmecoitem@espotec to Pocal forcing is more apparent 
memeotation 2. 

ae lc Commer Cimmenimemruns most strongly during the 
periods of high upwelling index at the nearshore station 
Moat ion 2). 
Pee orPECTRUIt ANALYSIS 

Iie TewrPrent Meter dai@a ame subjected Co spectrum 
mmeyocis im order to identity regions of high energy in the 
Frequency domain, and consequently suggest forces at work 
mene Study area. 

ive lmtorumMation Wrom spectrum analysis, in this case 
“meee orogram using Fast Fourier Transform (FFT), depends 
meee cene record lengthmand the sampling interval. The 


parameters used in the spectrum analysis program are: 


meeord length = TR = 1024 h 
Sampling interval ="A4t = | h 

ier Of points per record = N = 1024 
Resolution = af = .0098 h7! 
Nyquist frequency meen ee i: 


[emesOr Lrequencies resolved eS iy ee = 2 
fo. of degrees of freedom = N/M = 2 
Poewm@@ecords avallabpiWe are tstmcally about 50 days 


mr 00h) long; the ito iMheneseceat bon = attainable by FFT is, 


Bremer ore, Obtaimed from data sets of length 1024 hours. 
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For a fixed cecord Length, however) high resoime ta) oo.) oe 
for at the expense of stability. The pesolution With no 
averaging of spectral estimates over frequency is 
af = 10247! hl. and for single spectra (with no eifeemnbpue 
averaging) the estimates of variance have™ only twemdesn 
of freedom (and are Ehus unce®@t@in indilea@i@ors of Ele 
Variances tr Eber home 

For time series defined at equal time-intervals at, Ehe 
highest frequency component discernable is given by 
Mle = (hip the “Nyquist frequency . ihe varianeemom 
frequencies higher than this are attributed, Spurious iy aes 
lower frequencies. Such misread (“aliased ) Varian 
thought Go be of minor @oncern in Ehe @atamsets ore. 
study except for those few (discarded) ™with hich fmeqdeme 
instrumental noise. Amome forces known to be at wou cian 
the ocean which@are Pikely EPemcontribume to emerge ume 
currents are tidal and (possibly) inerepal iorce cee 
of the most important eomponentsS are the semi-diurnal (ea 


producing forces (Sverdrup, et aie ee 


Name Symbol Periloa une Frequency(h?) 
P rane 1 pa eee My Ll 2a 70:38:05 
PYrincagpal “souls S95 12.00 ao 38 
Mun so lat K5 Lely 0539 


The inertial Erequencyatand period, Sewvewi ated sy eee 
average latitude (3598) or eSbation 2 “amdmeo tat bon) wea re 


F(i) = .0487 > eter eran een 
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Mit ope emEwecatiNabes Consistently indicate enersetic 
Prmmomemis at tidal’ and »inertial Frequencies as well as at 
feeeeods Of approximately l|0 days: The dominant tidal 
components present are the semi-diurnal, with the most 
Been ibicant peaks appearing tombe ™ the “uni=solar. In 
[eole Lf are shown fhe approximate values of the low 
meeomency, inerttal, and Semicditurmnal tidal peaks for both 
Mmomeshore, amd onshore/ofEshore motion. These values in 
Ieeore | are taken ittom Ehe Spectrum analysis plots to show 
mete it any, telation there is between high energy and 
Mere, season, atid proximity of the shore. In general the 
Bpm@ectra indicate greater energy For tidal, inertial, and 
low Frequencies at the upper meters. Tt appears that 
motions at these frequencies are also more energetic in 
feeeer than in summer. ine eecca h aeehem  Trequency 
pemeecy ate greater near shore, while etiergy in the inertial 
Memeaquency is greater offshore. 

CA Pi okictiome ROME PROGRESSIVE VECTOR DIAGRANS 

ine PVD seane helptwl in observing low frequency 
variations and the mean currents which are summarized in 
[eepte Ji. As @2 meander, eddy, or wave in the 
Semmeercurrent moves througn a stations position the 
boundary between the poleward flow and equatorward flow 
wives aDOUL, with the current meters alternating between 
feetes Side of that™ boundary. Such an occurrence is 


Pmeeocted Ln themmey |) cease a current reversal. 


36 


OW vO(O Olin ON 
» ef © «se «ef &® ef 8 « 28 







Or Nl GOO WO 
a 
Wisc —)]O PR- 


Se 








psa 


mM ele ele HK OIMMIONIN 


A oIo from n 


J 
8 
SS = 


SS 
a 


© 

8 
cee 
— 


2 
oO 


SYOHS | AYOHS 
JSO/NO {| ONOTV 
TV Gal eae 














St Mim NW & 





wij .j fh 


NM) 


= =I Ol =] OMe ss = 


‘| S 


uy Wu 
oS 


eo 
® 
a 





WV Oia ~t @W 
a 


Owoim ~~ ®& 

e ef 8s e ef « 2 
8 a 8 
_ 


GO 1s Oe 


co | 


Wa)” 


uy WA 
o[| 8 8 


se <Cict 
Sr > pees Nis 


Or =) © 


© 


SJYOHS | JYOHS 
44O0/NO]7 SNOWY 
av ea aN 









OO elo oem N 


a a 


OO! ie wv 





Ae | TO <= © 
8 


JYOHS 
440/NO 
AVG QL) 


LA ot 
OTe 






( 





OmIinN oa 


sy MICO WIO © ®© 


ea LESS, 
a 8 8 8 
~t 


0 
g 





Nw Ol -|O -— © 


wtih CO/C WjO — 
oe 


S 





oayud MO} 


qyoodsns St 
fPUUANLG-LWas 





LL¢ 
981 
ou L 
00d 
LOW 
9S¢ 
L&d 
SSl 
Cdée¢ 
2S1 
99¢ 
x76 
2&2 
SOL 
Evie 
691 


Hida 


(UNOH °OS “WI OOOT) SAVId ADYINA HIIH 30 


j ee eek 1 


OS YVW ¢& 


sar 


622 ON 72 


eye lk be 


62 UdV Ee 


JLVG LYVLS 


NOSIYVdWO)D 


4379] 


i 
Cc 
WY) * 


é 


d 


> [afe 


- 
7 


MN 


¢ 


NOTLVIS 


73 ay) 
9¢2°L 
OS 
5 Ome 
© 6 ae7 
B Smee) 
£6 Ll 
Lame 
26 mL 
6 < mo) 


7 Ot 
BES 
See! 
2S 
80°O 
ye i) 


(aes vu i) Caies yaa) 
A A 


+ 
+ 


+ 
+- 


ix) 
a a 
s 8688 
NW) eM 
ee teats 


$ 
f+ 
+ 
+ 
+ 


68°S 4 


Lee 
O°9L4 








O°8 Lat i Ole D7 a 
Sao Ome? | a lies 691 


( 


ae Cis s eS E90 
FU IAND ees oUsbue]e w 
Tee I fo! WS SS O10 TU 









Cee Zac 
O° ae 
O° 6 va 
as a7 
Sao L“S 
ye Cc ee 
¢ 3 S Lame 
Amo 7 SSL 
Jame ve wae 
7 @O 7 2S1 








NVP SL 
nsyy 
x 761 AON 72 


= Wes Le 
Sie s Se 


“wy 
8 
— 





— 
8 
sO 








-}uad (9aS/wdo) 


A 


ae 








(Lo, "wlLZe) 
e Hidaq | dOIYdd J3WIL 


FUNAVUNSdWal GNY LN3YYND NVAW 430 NOS TYVdWNO) 


BE 


Il 4318Vvl 





194 
eal, 
PAW 


i>|> x 


NOTLVIS 


Ae 


38 


Two interestiag fSeatives cSead ely ie eee 
progressive vector dlagrams #2 ouees 7 ieee eo ee 
current reversals 7Of  lOnS Saity at aye eee ec Win pee 
For the dura tisomege 1 S56 nie wan oie mane The mean current 
direction (@), @iven@ as a28t ese re oe os and 
temperature (T), degrees Celsius, For e@acnm Current metsar 
For the entire study period are shown iy Table J] 1: aide 
are also shown On the indi vitdua lp loc sy es ow ee 
Table [UT are the mean onshore and alongshore current 
components réepectively. The alongsnore eect 1on fae ee 
case is defined as 340 "1 for Statiom 2. “mam 95) —) [tem 
Station /, which “represent ne 421m 6 itome men. eam 
CONCONTS) atl Bevo ee wc tress 

For both Stations 2 and 7 over tiie entire period wae 
seasonal and depth variations will he considered. The wie 
alongshore current 16 always potewar a. 4 ao Served 
levels (from ¥l27 m to 356 m) andvat “boii oO 15 ele ee 
alongshore current speeds were Breater nearshore ab St aimee 
2, than offshore at Stati ilor Jeu lean tome see aero: 
speed at the upper levels appears to vary only slightly 
seasonally at both staGilonms a pero xi mete lye Meo o Soe. 
with Che vexception Of the Smee, Binet aus Gee ed Gee 
23 April to mid=Jmme, “i225. 9b neuen im ntereec ieee tena Cac 
weak at observed depths, exeept in lattems oa ae 


The PVD"s indicate predemi nan Pye timed) ceemue nal? low eae 


the nearmsurface levels of Stat 1 ae neem en eG le die nonam 


ae 


lower meters there were often current reversals and 
Peel ations possibly associated wit#h meanders, waves, and 
eddies. er rememsseversals occurred in greater numbers and 
mere present at all depths at Station / which may possibly 
be due to Station / being near a boundary between north and 
richer rents. The semidiurnal components of the currents 
Meemaoe times apparent in the PVD's as for example in 
Peeeures 49 and 5/. 

piemimer. Cerh Valbiaiionsmare also indicated by the 
Mmoeperc, in particular reversals. No apparent current 
Mmeepersals are present at the upper meter of Station 2, 
feeeprt il to mid-June (Figure 49), and only two minor 
reversals can be seen near the end of the record for the 
lerwer meter (Figure 50). At the same station from 23 July 
Mmemmmind-september, two current reversals of short duration 
Qe evident at the upper layer (Figure 54); and more than 
Meee dOZen current reversals of from three to twelve days 
Mameauration can be Seen For the current at greater depth 
Mmm@etie@es >). Current reversals are not present at the 
femme televyel Of Station 2 (Figure 58), 27 November 1979 to 
fme—sanuary 1960, but several current reversals of 
Meme oximately three to nine days duration can be seen at 
femen (Figure 59). 

Pwo icewhe SCUGreMteseyersal is present at both meters of 
meatton */ (Figures 47 and 48), 9 January to the end of 


ewe! 772. ~At Ene Same Station, 9 July to the end of 
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August 19/79, three current reversals a4eeeppee en Cee 
upper two meters (Figures 51 and 52), and two reversals Soa 
be seen in the Lower meter (Figure Sie hese mre ver =e 
all appear to be of a relative l 7 9 on weston ee 
ZAde Glue Two current reversals are present at both meters of 
Station 7 (Figures 56 and 5/7), 9 GQetovereto 2 i eo 
1979. For the period 4 March to !15 April 1980 at Sone “cee 
Station, no reversals are seen in the upper meter 
(Figure 60) ge@but several osei llati1 ons Meamdt eyes ae 
seen in the two Lover meters "Ch metre seo miceecree 
Ds. CROSS = Serr Ou Mecha 

The mean cross-slope currents from Table II are plotted 
against time in Figure 5.5 The dominant “[eacitive 1) 5c wee 
currents is an annual variation with onshore flow in wile 
months and offshore in spring and summer. Ties “ania 
variation correlates with the strong upwelling occurril apogee 
the spring and summer, and the weak upwelling index 71 
winter. 

Qualitatively, the relation between the upwelling index ~ 
and the cross-slope current medms 15 consistent mae 
thick layer influenced by a modified surface Ekman regimes 
ES TebMhee se Rees 

The time series plots Of US eeistbiveseds . aire 
(positive-north) components were. pteiananr lye a: ac eeala ied 
in interpreting the sStigipt oe eda pa They are also useful 


for their resolution of Nich frequency Sarita tome Pie 


4 | 


Semidiurnral components of the currents are evident as well 
Meme larger scale Current oscillations indicated in the 
meerck plats. 

mimes Celperature versus tine plots also indicate the 
semidiurnal components and large-scale oscillations found 
mimeinme Stickplots. Approximate mean temperatures for the 
mere mt meters at Station 2 and 7 throughout the record are 
mows tn Lable fil. The temperature decreased with depth at 
peeestations. ihe mean temperatures at Station 2 at ali 
momeis (Figure 6) become increasingly warmer during the 
fiemeeed trom April 1979 to January 1980, while the mean 
temperatures at Station / at all depths (Figure /) become 
mere asingly cooler. This is consistent with existing wind 
Memmessces, which would tend to uplift the isotherms at the 
[a weanore station (Station 2) in the spring (strong 
upwelling index) and depress them in winter (weak upwelling 
Mee. the cooling continues at Station 7 at all depths 
Mme vecember 1979 until April 1980, and no simple 


Peoplanation is apparent. 
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IV. CONCLUSIONS 

A northward flowing current was found forests Sie eee 
period Of Ghis stun It was strongest at the upper 
levels, roughly betweem 100 and nm. oeasonal ly, Sthie 
countercurrent was strong during Spring and substantia Wig 
weaker during winter. §) ine Speed Vand Poche ton eo) ee 
countercurrent at any given time may differ markedly from 
the average flow. There were events on scales of tens of 
days which appeared to be qualitatively coherent between 
stations and also between depths at a given station. 
Frequene current reversals atdmeee ela tions.) 0 Cetee cde 
consistent with the weak, poorly defined, broad flows 
assoc@bated with eG€astern soundaey, CUrreurc. 

Bakun'’s Coastal upwe lla new 1 die see anicl neritc Genone 
possible “wind=driven Godstaleup ee een. The coastal 
upwelling index 15,,1m the Me@ampeum@o@m st Smee ee eee 
observations of a deep cross~slope flow (Ekman layer), a 
large upwelling index corresponding £0 bmickecnime ogee 
Ekman layer. The countercurrent is present during the 
entire study, and the, low frequency & lomectere wer pee 
never equatorward. 

Relatively high-energy peaks at Semidiurnal Gidal 


Frequencies and ime@rttal €req veme tase eet ade re 
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Seemonity of the current records. madittomally, low 
[/meecgwenmey energy peaks were found at periods of about 10 d. 

At Station 2, (nearshore), the alongshore component of 
these three frequencies tends to be greater than the 
Peorishore compoment, and generally speaking, the low 
frequency energy peak (T = 10 d) is dominant. AE oe et Om 7 
Mmershore), the on/joffshore component of these three 
Mmemuencies 1s noticeably greater, but there is no obvious 
Memeeern £0 the energy distribution. 

Mie NcOUlrerecurrent was present at the study site, but 
Memos NOE possible to unequivocally identify and correlate 
Mere frOrcing with the countercurrent. The vertical 
Meera tion of the frontal boundary between equatorward and 
poleward flow was observed at both stations, but less often 
mumee nearshore Station 2 than at Station /. Hydrographic 
Mmeretrom the study area for this time period were not 
seemed at all, and deserve future consideration. 
Seeeeelation Of currents and wind or upwelling index, 
memerertisiton Of Observed currents With predicitons of 
[ememous models, and the relation of metered currents to 
mimes interred from hydrographic data are recommended for 


mmemre studies. 
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Figure 1. The study area. 
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Current Meter 


5/32"" SS Wire 
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Figure 4. Current meter array. 
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